BEST AVAILABLE COPY 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

26.06.1996 Bulletin 1996/26 

(21) Application number: 95309160.0 

(22) Date of filing: 15.12.1995 



(n) EP 0 718 751 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel. 6 : G06F 3/06 



(84) Designated Contracting States: 


(72) Inventor: Shafe, Mathew K, 


DE FR GB 


Campbell, California 95008 (US) 


(30) Priority: 23.12.1994 US 363464 


(74) Representative: Moss, Robert Douglas 




IBM United Kingdom Limited 


(71) Applicant: International Business Machines 


Intellectual Property Department 


Corporation 


Hursley Park 


Armonk, N.Y. 10504 (US) 


Winchester Hampshire S021 2JN (GB) 



CM 
< 

CO 

O 

Q. 
LU 



(54) Electronic circuit apparatus employing small disk drive with reconf igurable interface 



(57) An electronic circuit apparatus is provided for 
electronic circuits and devices, comprising a component 
disk drive, a disk controller, and a programmable inter- 
face for dynamically adapting the component drive to 
communicate over a predetermined bus architecture to 
an external application. The interface is programmed by 
the disk controller using one of a library of microcode 
sets stored on the component drive. Alternatively, a mi- 
croprocessor independent of the disk controller pro- 
grams the interface from microcode stored in solid state 
memory. In an alternative embodiment, the apparatus 
further comprises an application circuit and the pro- 
grammable interface adapts the component drive for 
use by the circuit. In another embodiment, the apparatus 
comprises a subcircuit that communicates with an ex- 
ternal application over a predetermined bus architec- 
ture, and the programmable interface adapts the sub- 
circuit for such communication. 
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Description 

Field of the Invention 

The present invention relates generally to magnetic 
disk drive interfaces, and more particularly to an elec- 
tronic circuit architecture including a component-sized 
disk drive. 

Background of the Invention 

Magnetic disk drives have been used broadly as pe- 
ripheral storage devices. As disk drives grow smaller, 
they are also becoming practical as a cost-effective re- 
placement for solid state memory in a variety of elec- 
tronic devices, e.g. cameras, fax machines, cellular 
phones, modems, pagers, handheld computing devic- 
es, printers, and copiers. 

Magnetic disk drives and other peripheral devices 
are generally designed to meet one of a number of in- 
dustry standard bus architectures to assure compatibil- 
ity with a host system. These include, for example, the 
small computer serial interface (SCSI), serial storage ar- 
chitecture (SSA) and the integrated drive electronics 
(IDE) interface. Each type of peripheral bus architecture 
defines its own unique set of communication protocols. 
The host system, which may include a microprocessor, 
memory devices, and other essential circuits, commu- 
nicates with these elements via a system bus. The sys- 
tem bus may comprise an industry standard architecture 
(ISA) bus, or a microchannel, for example. The system 
bus similarly has its own set of communications proto- 
cols. As such, the host system requires a device adapter 
to interface between the system bus and the peripheral 
bus. 

An electronic circuit implementing a component- 
sized magnetic disk drive in lieu of solid state memory 
must also provide means for allowing the disk drive to 
communicate with the circuit application. Moreover, the 
circuit may be housed in a card enclosure and plugged 
into an application external to the circuit. It then requires 
means for interfacing with the external application. 

For example, circuits embodying fax machines, mo- 
dems, or disk drives, and circuits related tothe operation 
of cellular phones and cameras are presently being 
housed in credit-card sized formats of predefined di- 
mensions that plug into a compatible socket of a com- 
puting device. Three standard formats that have 
emerged for such credit-card-type applications are the 
PCMCIA formats. A "type III" card measures 10.5 mm 
in height, 85.6 mm in length and 54 mm in width. The 
dimensions of a "type IT card are approximately 5 mm 
high X 85.6 mm long X 54 mm wide. A "type I" card is a 
modest 3.3 mm high X 85.6 mm long X 54 mm wide. A 
PCMCIA card includes a PCMCIA bus for communicat- 
ing with the computing device. Thus circuit applications 
residing in PCMCIA-type cards will include some type 
of interface to the PCMCIA bus. 



Some electronic devices are incorporated into a 
communication network, e.g. via a phone line. These 
devices must conform to industry standard communica- 
tions protocols such as asynchronous transfer mode 
5 (ATM), integrated services digital networks (ISDN), RS- 
232, RS-422, V.35, and V.42. Wireless communications 
devices such as cellular phones and electronic pagers 
must also be adapted to meet industry standard com- 
munications protocols. Computer peripherals such as 
printers and printed circuit cards similarly require means 
for interfacing to the host system. Each of these circuit 
application is a candidate for implementing a compo- 
nent disk drive in lieu of solid state memory, and as such, 
would require a customized interface between the disk 
drive and the application. 

To add flexibility to an electronic device incorporat- 
ing a component disk drive, it is desirable to include an 
adaptable interface within the device circuit, enabling it 
to conform to more than one communication or host sys- 
tem protocol. A number of U.S. patents discuss the use 
of an adaptable interface between two systems having 
different communications protocols. For example, U.S. 
Patent No. 5,111,423 discloses a programmable inter- 
face, i.e. an EEPROM, inserted between a printed circuit 
card and a host system that is configurable for adapting 
a variety of printed circuit card applications to the same 
host system. U.S. Patent No. 4,899,306 describes a test 
interface circuit having an adaptable interface, i.e. ran- 
dom access memory, for adapting the test circuit to dif- 
ferent types of host systems. Another testing device with 
an adaptable interface comprising programmable gate 
arrays is described in U.S. Patent No. 5,121,342. The 
testing device includes a microprocessor for receiving 
downloaded software from a removable floppy periph- 
eral disk drive device and for selectively configuring the 
programmable gate arrays to a variety of communica- 
tion protocols (e.g. RS-232, RS-422, V.35 and ISDN). 
U.S. Patent No. 5,243,273 describes a testing device 
for serial communications cards that is configurable to 
a plurality of communications protocols. 

However, to date, an electronic circuit apparatus 
has not been implemented that includes a component- 
level disk drive that can be adapted to different types of 
communication protocols. 

Summary of the Invention 

Accordingly, a first embodiment of the present in- 
vention provides an electronic apparatus comprising a 
component disk drive for use as local storage by an elec- 
tronic circuit in lieu of solid state memory, a hard disk 
controller (HDC) for controlling the low level operations 
of the drive, and a programmable interface for enabling 
communication between the component drive and the 
electronic circuit. The interface is programmed by the 
HDC. Alternatively, a simple central processing unit is 
provided in the apparatus for configuring the interface. 
The HDC resides in the component disk drive, in an in- 
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tegrated circuit chip external to the component drive, or 
within the programmable logic unit (i.e., the PLU is a 
microprocessor with programmable functions). The mi- 
crocode used for programming the interlace is stored in 
the component drive. Alternatively, a solid state memory 
component is provided in the apparatus for storing the 
microcode. 

A second embodiment of the present invention is 
an electronic device comprising a component disk drive, 
an electronic circuit implementing the component disk 
drive in lieu of solid state memory as local storage, and 
a programmable interface provided therebetween for al- 
lowing the component drive to communicate with the cir- 
cuit. 

A third embodiment of the present invention com- 
prises an electronic device that communicates with an 
application external to the device, comprising a compo- 
nent disk drive, an electronic circuit, and a programma- 
ble interface provided between the electronic circuit and 
the external application to enable communication ther- 
ebetween. 

A primary advantage of the present invention is to 
provide a component disk drive that provides local stor- 
age for an electronic circuit in lieu of solid state memory, 
and a programmable interface for adapting the compo- 
nent drive to the electronic circuit. 

Another advantage of the present invention is to 
provide an electronic device comprising a component 
disk drive, an electronic circuit implementing the com- 
ponent disk drive in lieu of solid state memory as local 
storage, and a programmable interface provided there- 
between for allowing the component drive to communi- 
cate with the circuit. 

Another advantage of the present invention is to 
provide an electronic device that communicates with an 
application external to the device, comprising a compo- 
nent disk drive, an electronic circuit, and a programma- 
ble interface provided between the electronic circuit and 
the external application to enable communication ther- 
ebetween. 

Another advantage of the present invention is to 
provide a card-based electronic device having an elec- 
tronic circuit, a component disk drive, and a program- 
mable interface for adapting the component drive to the 
electronic circuit, e.g. for PCMCIA-type formats. 

Each of the embodiments disclosed may be housed 
in a card-type enclosure such as a PCMCIA-type card. 

The component disk drive preferably comprises a 
single disk with a diameter of no more than 1.3 inches 
and a single recording surface mounted directly to a ro- 
tatable flat motor having a diameter of up to 1 .3 inches. 
The component drive further comprises a single sus- 
pension carrying at least one transducer for writing and 
retrieving data from the disk, and a parking zone at the 
center of the recording surface for parking the transduc- 
er during periods of inactivity or non-operation to provide 
high shock resistance. 



Brief Description of the Drawing 

The foregoing and other objects, features and ad- 
vantages of the present invention will be apparent from 
5 the following detailed description of the preferred em- 
bodiments of the invention, and from the accompanying 
figures of the drawing: 

Figs. 1 (a) and 1 (b) are functional block diagrams of 
10 the electronic circuit apparatus according to the 
present invention; 

Fig. 2 is the electronic circuit apparatus of the 
present invention residing on an electronic circuit 
is board; 

Fig. 3 is a perspective view of a general card-type 
electronic circuit enclosure; 

20 Fig. 4 is a first embodiment of the electronic circuit 
apparatus of the present invention in a card enclo- 
sure; 

Figs. 5(a)-5(d) show side and top views of the com- 
25 ponent disk drive for use in the preferred embodi- 
ment of the electronic circuit apparatus of the 
present invention 

Fig. 6 is a second embodiment of the electronic cir- 
30 cuit apparatus of the present invention in a card en- 
closure; and 

Fig. 7 is a third embodiment of the electronic circuit 
apparatus of the present invention in a card enclo- 
35 sure. 

Description of the Preferred Embodiment 

The present invention will now be described with 

40 reference to Fig. 1(a), which is a functional block dia- 
gram of the proposed electronic circuit apparatus. It 
comprises a component disk drive 21 , a disk drive con- 
troller 23 (also commonly referred to as a hard disk con- 
troller or HDC), and an electronically programmable mi- 

45 croelectronic interface 24 for adapting the component 
disk drive 21 and controller 23 to an application 25. 

A disk drive generally comprises a disk 11 having 
at least one recording surface 8 for storing information, 
means such as a motor (not shown) for rotating the disk, 

50 an actuator assembly 12, arm electronics 17, and a 
housing 16. The actuator assembly 12 generally com- 
prises a voice coil motor (VCM), an actuator arm 6, and 
at least one suspension 1 3 connected to the arm 6 and 
supporting a transducer adjacent 14 the recording sur- 

55 faces 8 of the disk 1 1 . The transducer 1 4 is held in close 
proximity to the disk surface by the combination of a 
downward force (relative to the disk surface) from the 
suspension 13 and an upward force caused by air flow 
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generated from the rotation of the disk 11 . If the down- 
ward force exceeds the upward force, the transducer will 
come into contact with the disk surface. 

The VCM comprises an inductive coil 19 disposed 
between an upper magnet (not shown) and a lower mag- 
netic plate 7. The arm electronics 17 transmits electrical 
positioning current to the coil 19. The current signal in- 
duces a magnetic flux around the coil for repulsing and 
attracting the magnet and magnetic plate 7. The repuls- 
ing and attracting forces provide movement of the actu- 
ator arm in a plane substantially parallel to the recording 
surface 8, causing the suspension 1 3 to move along an 
arcuate path over the surface 8. 

Data is generally recorded on concentric tracks of 
the recording surface 8. The disk region or track having 
the largest diameter is referred to as the outer diameter 
(OD) of the disk, and the region or track nearest to the 
hub and having the smallest diameter is referred to as 
the inner diameter (ID). Data to be stored on the disk 11 
is first "encoded" by a read/write channel residing, e.g., 
in the disk drive controller 23. The data is encoded into 
a form suitable for the storage medium, then transmitted 
via a flex cable or other connector means 1 8 to the arm 
electronics 1 7 and then on to the transducer 14 for writ- 
ing to the disk. For example, in a magnetic disk drive, 
digital data is encoded into a series of pulses. As is 
known in the art, the pulses are transmitted in the form 
of a current to the transducer, and cause a fluctuating 
magnetic field at the transducer pole tip that affects the 
magnetization of discrete regions on the disk surface. 
When a transducer senses or "reads" information from 
the disk, the data is transmitted in encoded form via the 
arm electronics 17 to the channel for "decoding". The 
arm electronics usually include means for amplifying 
and synchronizing the read signal. 

The motor is fixedly attached to the disk 11 . It may 
be encased in a hub, in which case the rotational force 
of the motor is translated to the hub and from the hub to 
the disk 11. 

To protect a rotary disk drive from external forces 
during operation or movement, means may be imple- 
mented to park the transducer 14 when the disk is not 
operating and/or during periods of inactivity (i.e. times 
when data is not being written to or retrieved from the 
disk). Such means may include, for example, a load/un- 
load ramp at the OD or a parking zone located at the ID. 

As those skilled in the art of disk drive design will 
understand, the disk drive controller (HDC) 23 includes 
logic to control certain functions of the component drive 
21. The HDC also serves as an intermediary interface 
between the component disk drive 21 and the program- 
mable interface 23. Functions of the HDC 23 include, 
for example, servo control, data, address and command 
buffers, drive motor controls, and a read/write channel 
for coding and decoding data. 

Typically, the HDC 23 is a function residing in one 
or more solid state die components dedicated to disk 
drive control functions and residing external to the disk 



drive 21 . Preferably, all functions are contained within a 
single custom chip. The HDC 23 may alternatively be 
integrated with the arm electronics 1 7 and reside within 
the disk drive enclosure 16 or external to the drive. It 
5 may also be merged with the programmable interface 
24. For example, the Xilinx XC40000 processor is en- 
tirely programmable and may include a simple micro- 
controller and drive interface electronics as well as other 
functions. A custom hybrid-type die could also be pro- 
10 vided, comprising a gate array having a normal, non- 
programmable CMOS for the HDC function, and pro- 
grammable gates like the XC4000 as the PLU. This 
would minimize the cost of having an entire die of pro- 
grammable gates permanently dedicated to the HDC 
1$ function and make more programmable gates available 
to the PLU application coexisting on the die. 

The programmable interface 24 comprises a pro- 
grammable logic unit (PLU) of some kind, e.g. a field 
programmable gate array (FPGA), programmable array 
logic (PAL), or a programmable logic device (PLD). It 
communicates with the HDC over a bus 26. The partic- 
ular PLU implemented in the electronic circuit apparatus 
of the present invention will be determined by the type 
of application that the PLU is interfaced to. For example, 
if the interface 24 is to a communications network with 
a communications protocol such as RS-232 or ISDN, 
the PLU of choice may be a programmable gate array 
such as the one described in US Patent No. 5,121 ,342. 

As is well known in the art, a PLU is generally pro- 
grammed by some kind of microprocessor. The proces- 
sor receives a microcode set corresponding to a desired 
PLU function from local storage. The microcode set 
comprises both programming instructions and specifi- 
cations. In the electronic circuit apparatus of Fig. 1(a), 
the HDC 23 serves as the programming processor of 
the PLU 24 and the component disk drive 21 provides 
local storage for one or a library of microcode sets. This 
arrangement enables dynamic programming of the in- 
terface. Alternatively, a simple processor 28 such as an 
Intel 80186 16-bit controller, and a solid state memory 
component 29 (e.g. SRAM, EEPROM, flash memory, 
etc.), are provided, as shown in Fig. 1(b). The micro- 
processor 28 is coupled directly to the PLU 24 and re- 
ceives the microcode set from the memory component 
29, which may contain a library of microcode sets. The 
microprocessor may only be temporarily coupled to the 
PLU 24 in a manufacturing step, or may be a permanent 
component of the apparatus to enable on the fly pro- 
gramming. Yet another alternative is to use a PLU that 
includes some basic microprocessing functions, ena- 
bling the PLU to essentially program itself from microc- 
ode provided by internal memory, external memory, or 
the component drive. 

Programming instructions for the PLU are either se- 
lected from a library of functions associated with that 
device, or are specially designed for a non-standard 
function according to methods presently known in the 
art. More Detailed information on PLU programming 
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may be obtained by referring to "The Programmable 
Logic Data Book", a 1994 product guide and data book 
publicly available from Xilinx Inc., of San Jose, Califor- 
nia. 

The application 25 may be any of a number of de- s 
vices. For example, it may be an element of a commu- 
nications network that follows one of the standard com- 
munications protocols (e.g. RS-232, V.35, ISDN). It may 
be a computing device with a SCSI or IDE bus. It may 
be an electronic circuit application of an electronic de- 
vice with a nonstandard bus communications protocol. 
The PLU 24 communicates with the application over bus 
27. 

Fig. 2 represents one possible implementation of 
the electronic circuit apparatus of the present invention. 
A general electronic circuit board 31 is shown, repre- 
sentative of circuit boards found in a variety of electronic 
devices. It includes an electronic circuit, comprising a 
plurality of interconnected circuit elements 35, e.g. inte- 
grated circuits, resistors, capacitors, oscillators, etc. 
The solid state components comprise, for example, a 
microprocessor, memory, an arithmetic logic unit, a pro- 
grammable logic unit, etc. The apparatus of the present 
invention is also included on the circuit board, and is 
highlighted by dashed lines 32. It comprises a discrete, 
component-sized disk drive 21, a disk drive controller 
23, and a PLU 24. The PLU 24 of the implementation 
shown is configured to adapt the component drive 21 to 
the electronic circuit's bus architecture, so that the com- 
ponent drive will appear to the circuit as solid state mem- 
ory. Thus the component drive 21 provides local storage 
to the circuit for storing information used in the normal 
operation of the circuit. 

A circuit board such as that represented in Fig. 2 
may reside, for example, in a personal computer, a lap- 
top, or other computing device, wherein the communi- 
cations bus has an SSA architecture. It may also reside 
in devices peripheral to a computing device, e.g. con- 
troller cards for larger disk drives, printers, modems, and 
fax-modems. A circuit board is often present in electron- 
ic devices such as video cameras, fax machines, cellu- 
lar phones, electronic pagers, photocopiers, and remote 
control devices, which may have nonstandard bus ar- 
chitectures. All of these are likely to have electronic cir- 
cuits with some local storage requirements. 

Fig. 3 is representative of a card enclosure for an 
electronic circuit, adapted to be plugged into a compat- 
ible computer slot at connector 60. It may, for example, 
be a PCMCIA card type I, II or III having a predefined 
length 64, width 63, and height 62. The card thickness 
62 is generally the most critical dimension of a card en- 
closure. 

Fig. 4 shows the preferred embodiment of the elec- 
tronic circuit apparatus of the present invention, wherein 
a component disk drive 21 , an HDC chip 23 containing 
an AMD AM80C186 microprocessor, and a PLU 24, e. 
g. a Xilinx XC4000, are housed in a card-type enclosure 
36. A digital clocking signal is distributed throughout the 



device along with power (not shown). A library of microc- 
ode sets defining a plurality of PLU interface configura- 
tions is stored on the component drive 21 . The card en- 
closure preferably comprises a PCMCIA, type II or type 
III card. The PLU 24 is configured to interface to an ap- 
plication 25 external to the card enclosure 36 and adapt- 
ed to communicate over a PCMCIA bus. The physical 
interface between the card enclosure 36 and the appli- 
cation 25 comprises card connector 60 and a compati- 
ble socket 61 on the application 25. 

Figs. 5(a)-5(d) show the component disk drive as- 
sembly of the preferred circuit architecture according to 
the present invention. The drive comprises a disk 11 , a 
motor 44, an actuator assembly 12, arm electronics 17, 
and a housing 16. The disk 11 is preferably magnetic 
and includes one recording surface 8 with a substantial- 
ly planar region 55 at its center. It is preferably mounted 
directly to a flat motor 53 along its non-recording surface 
9 by some appropriate means, e.g. mechanically, or by 
applying a bonding agent along the interface between 
the motor 53 and surface 9. Use of a single recording 
surface 8 and direct platter mounting allows a wider, 
thinner motor 53 to be used than would be feasible for 
a disk having two recording surfaces. The diameter of 
the motor 53 may be as large or larger than the diameter 
of the disk 1 1 itself. The advantages of this type of motor 
53 will be described in further detail below. 

The actuator assembly comprises a voice coil mo- 
tor, an actuator arm 6, a single suspension 1 3 and a 
transducer 14 supported on an air-bearing slider. Pref- 
erably, the transducer 14 is a magnetoresistive (MR) 
head, allowing greater data capacity. Magnetoresistive 
heads are known in the disk drive industry and are pre- 
ferred because their high sensitivity enables greater ar- 
eal density (i.e. bits per inch) than conventional induc- 
tive heads. Using a state of the art magnetoresistive 
head in the preferred embodiment provides useful data 
storage capacity for applications requiring moderate da- 
ta storage. However, it will be understood that other 
types of transducers may also be implemented. Moreo- 
ver, the disk drive may be adapted to include a plurality 
of transducers 1 4 on suspension 1 3. 

Direct mounting of disk 11 to motor 53 creates an 
unobstructed region 55 at the disk's center 52 accessi- 
ble to the actuator assembly 1 2. The diameter of record- 
ing tracks in this region would be too small for practical 
use, so the region is used for center parking. Figs. 5(a) 
and 5(b) show head 14 and suspension 13 positioned 
over the data recording surface of disk 11 . During times 
of inactivity, the head is "parked" in the central region 
55 as shown in Figs. 5(c) and 5(d) so that head 14 is 
substantially aligned with the disk center 52. As the slid- 
er 1 4 nears the inner diameter of the disk 1 1 , the upward 
force of the air flow is reduced and the slider begins to 
drag along region 55. It is then "parked" at the disk cent- 
er 52 as shown. Parking structures, e.g. ramps, may be 
added to the center parking region to facilitate parking. 
Spacer structures may also be provided between this 
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region and the upper drive housing for added structural 
support. 

The actuator assembly 12 moves the slider back 
onto the disk surface when necessary by applying a 
force to overcome the stiction between slider 1 4 and sur- 
face 8. "Stiction 1 is a term of art for the attractive and 
frictional forces between slider 14 and surface 6. It is 
greatest at the outer diameter of the disk and decreases 
in the direction of the disk center, being essentially re- 
duced to zero at dead center. Since the slider is parked 
at disk center 52, stiction is virtually nonexistent, and 
very little force is required to overcome it. 

The slider 1 4 is preferably also center parked during 
periods when the drive is not operational. When the 
drive is powered on, the disk 11 spins without any sig- 
nificant stiction impedance. Reduced stiction translates 
to a reduction in starting torque required from the motor 
44. Reduced starting torque in turn leads to a reduction 
in the electric power requirements of the drive. 

As mentioned previously, the preferred embodi- 
ment of the component disk drive allows a flatter, wider 
motor 53 to be used than conventional disk drives re- 
quiring hubs. The motor may take a variety of forms. For 
example, it may be fixed to the disk drive housing or in- 
tegrated therein. It may have the shape of a disk, or be 
annular in shape. It may include a hub, and the disk may 
be mounted directly to the hub, or alternatively, the hub 
may penetrate the disk and lie substantially flush with 
the recording surface to preserve actuator access for 
center parking. An annular motor may surround a sta- 
tionary hub structure that lies flush with the recording 
surface to provide a stationary parking zone at disk cent- 
er. 

Those skilled in the art of motor design generally 
understand that an increase in the diameter of the motor 
windings increases its moment arm to generate more 
torque with less force. The motor thus requires less elec- 
tric current to perform the same operation as a center 
hub motor. Since the electrical power (P) is proportional 
to the square of the current, a reduction in the current 
requirement will result in a large reduction in the electric 
power requirement as shown below. 

(1) P = lxlxR, 

and 

(2) I = k/D. 

Therefore, 

(3) P = (kxkxR)/(DxD), 

where P is the electric power of the motor, I is the electric 
current used by the motor, D is the motor diameter, R is 
the electric resistance of the motor, and k is the inversely 
proportional constant of the motor current to diameter. 
Applying the above equations, an increase of motor di- 
ameter by, for example, a factor of 3 will result in a motor 
that can achieve the same torque with 1/9th of the pow- 
er. The motor torque is transmitted directly to the bottom 



surface of the disk through, for example, an adhesive or 
a coupling device. Examples of motors that may be used 
to implement the preferred embodiment include those 
implemented in the commercially available IBM Travel- 

5 star, and the Maxtor MobileMax Lite. 

The disk drive assembly 21 of Fig. 4 preferably 
measures no more than 2 inches in length 72 X 1 .6 inch- 
es in width 73 X 5 mm in height. For example, a 1 .3" 
magnetic disk is mounted to a small, flat motor such as 

10 that implemented in Maxtor's MobileMax Lite. (At 
present there are no flat motors under 5 mm commer- 
cially available for implementation in a type II design. 
However, availability is anticipated in the near future and 
prototypes are currently being tested.) The actuator as- 

*5 sembly is a conventional dual-suspension design such 
as that used in the Hewlett Packard KITTYHAWK 1.3" 
drive, modified to have a single suspension with a mag- 
netoresistive head. Modifications required for operabil- 
ity include removal of the lower suspension and any ac- 

20 tuator arm height adjustments necessitated by the 
height of the direct-mounted disk. It may also be desir- 
able to make additional modifications, e.g. reducing the 
height of the actuator assembly. The manner of making 
such modifications will be readily apparent to a person 

25 of ordinary skill in the operation of disk drive assemblies 
in view of this specification and the state of the art. 

The disk drive assembly 21 preferably occupies 
less than 50% of the available card area. The remaining 
card area is populated by a plurality of electronic com- 

30 ponents 71 comprising an application subcircuit. 

If it later becomes desirable to adapt the card-en- 
closed apparatus of Fig. 4 to a non-PCMCIA application, 
e.g. to an application adapted to communicate over an 
IDE bus, the programmable interface 24 can be repro- 

35 grammed in the following manner. 

The microcode set defining an IDE interface is 
stored on the component drive 21 . It originates, howev- 
er, from a designer's logic block diagram or schematic. 
Popular computer-aided software tools such as view- 

40 Draw are used to construct a logic block diagram. In this 
case, the diagram will represent an IDE interface option 
for the disk drive. Once the design is simulated, it is syn- 
thesized into a serial bitstream of microcode using a 
compiler program. In this case, a Xilinxtool called XACT 

45 generates the bitstream of microcode. For a Xilinx 
XC4000 FPGA, the microcode set can be 422,128 bits 
long and make up to 25,000 gates of logic (see diagram 
on page 2-26 of "The Programmable Logic Data Book") 
that will allow the disk drive to communicate with an I DE 

so bus in this case. A unique microcode set is similarly gen- 
erated for each interface application that the PLU 24 will 
support and is stored inside the component hard disk 21 . 

The interface change is initiated by some external 
means (e.g. a selectable switch toggled by a user of the 

55 apparatus). This will signal the microprocessor inside 
the HDC 23 to retrieve the appropriate IDE microcode 
set from the component drive 21 and will also signal the 
Xilinx XC4000 PLU 24 to go into a programming state. 



6 



11 



EP 0 718 751 A2 



12 



The microcode set is fed serially from the component 
disk drive 21 , through the HOC 23, and into the PLU 24. 
Inside the PLU 24, the code is stored in a series of latch- 
es. Long chains of latches form the IDE interface to the 
component disk drive 21. Once the last information is 5 
fed into the PLU 24, the HDC signals the PLU to go into 
operating mode. This will make the PLU 24 an active 
interface for the new IDE application. 

To enable the drive 21 to communicate with up to 
ten different interfaces using the Xilinx XC4000 PLU 24, 
4,221,280 bits of storage are required. This translates 
into about 1/2 megabyte of data. For the preferred com- 
ponent disk drive of the present invention, this storage 
space is a small fraction of the drive's total storage ca- 
pacity (typically 20 to 40 MB). Thus, plenty of user stor- 
age remains available for storing additional application 
information. 

PLU programming can alternatively be done at the 
time of manufacture of the device, but it would not have 
the flexibility of a field programmable drive interface. 
This approach may be desirable, however, for large- 
scale manufacturing of a card-based electronic circuit 
application intended for use in a plurality of external ap- 
plications requiring different types of interfaces. Under 
such circumstances, it is desirable to keep as many 
physical parts of the apparatus in common. In the mean- 
time, the PLU is configured with software to a specific 
bus architecture. For example, one microcode set would 
adapt the drive to work with an IDE interface, another 
with a SCSI interface, and another with a PCMCIA in- 
terface. The hardware connector on the interface (e.g. 
50 pins for SCSI, 6B pins for PCMCIA) might represent 
the only physical modification required for the various 
versions. 

The above examples represent the simplest form of 
this invention. Another embodiment illustrated in Fig. 6 
includes an application 25 residing within the same en- 
closure 51 as the component disk drive 21 , HDC 23, and 
PLU 24. The enclosure may be a device or a card such 
as a PCMCIA type II or type III. The application may 
comprise, for example, a wireless communication de- 
vice. In this embodiment of the electronic circuit appa- 
ratus, the PLU 24 is actually a functional part of the ap- 
plication 25. Because wireless communications use 
many different protocols, part of the application circuitry, 
i.e. the PLU 24, needs to be reconfigured for each dif- 
ferent protocol (e.g., one application may be for cellular 
communications, another for a local area network). 

In this case, the PLU 24 is reprogrammed dynami- 
cally in the manner described above, but is a functional 
part of the application 25. The application 25 may con- 
tain a digital signal processor (DSP, not shown) to facil- 
itate the waveform-to-digital processing of any commu- 
nication protocols. 

The processor which programs the PLU 24 can be 
a nonprogrammable reserved area inside the PLU 24. 
Alternatively, it can be contained inside the HDC 23 as 
an 8-bit or 16-bit processor such as an AMD 80C186 



chip. Alternatively, the processor can be a stand alone 
chip (not shown) such as the AMD 80C186 which com- 
municates with the HDC 23 and PLU 24. The processor 
may need some external RAM memory 52 to hold the 
necessary microcode sets, depending upon the com- 
plexity of it function. 

Fig. 7 shows a third embodiment of the present in- 
vention, comprising a component disk drive 21 , an HDC 
23 merged into a PLU 24 (although it will be understood 
that the HDC may reside alone or in combination with 
the arm electronics 1 7 as previously discussed), and an 
electronic subcircuit 44 housed in the same enclosure 
51 . The enclosure 51 is linked to a communications net- 
work (not shown) via ISDN bus 27, which connects to a 
phone line 41. The PLU 24 serves as the interface be- 
tween the subcircuit 44 and the communications net- 
work. The network presumably supports a plurality of 
different communications protocols, and the PLU 
adapts the subcircuit 44 to these protocols. Optionally, 
the enclosure is of a PCMCIA-type and further compris- 
es a PCMCIA connector 43 and a microprocessor 45 
such as the AMD 80C186 for providing the interface to 
the PCMCIA bus. The microprocessor 45 may also be 
a part of the subcircuit 44. The electronic circuit assem- 
bly shown may also optionally include a second pro- 
grammable interface between the HDC 23 and the sub- 
circuit 44 so that the storage of the component drive is 
made available to the subcircuit 44. 

Although the electronic circuit apparatus of the 
present invention has been described in terms of spe- 
cific embodiments, it is to be understood that this dis- 
closure is not to be interpreted as limited to those em- 
bodiments shown. Various further alterations and mod- 
ifications will no doubt become apparent to those skilled 
in the art after having read the above disclosure. More- 
over, the examples provided are not intended to be ex- 
haustive, and the scope of the present invention defined 
by the following claims is intended. 



Claims 

1. An electronic circuit apparatus, comprising: 

a disk drive for storing and retrieving informa- 
tion; 

a programmable logic unit (PLU); 

means operatively coupled to said disk drive 
and said PLU for controlling the operation of 
said disk drive; and 

means for configuring said PLU as an interface 
to enable communication by said disk drive 
over a bus. 

2. Electronic circuit apparatus as claimed in claim 1, 
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further comprising a card enclosure housing said 
apparatus, and means for electrically coupling said 
card to an application adapted to communicate over 
said bus. 

3. Electronic circuit apparatus as claimed in claim 2, 
wherein said card enclosure further comprises a 
PCMCIA-type card. 

4. Electronic circuit apparatus as claimed in any pre- 
ceding claim, wherein said means for controlling 
said disk drive further comprises a hard disk con- 
trailer (HDC). 

5. Electronic circuit apparatus as claimed in claim 4, 
wherein said HDC resides within said disk drive. 

6. Electronic circuit apparatus as claimed in claim 4, 
wherein said HDC resides in an integrated circuit 
chip. 

7. Electronic circuit apparatus as claimed in claim 4, 
wherein said HDC resides within said PLU. 

8. Electronic circuit apparatus as claimed in any pre- 
ceding claim, wherein said means for configuring 
said PLU further comprises a microcode set, means 
for storing said microcode set, a microprocessor, 
and means for providing said microcode set to said 
microprocessor for use in programming said PLU. 

9. Electronic circuit apparatus as claimed in claim 8, 
wherein said microprocessor further comprises 
said means for controlling said disk drive. 



circuit application. 

14. Electronic circuit apparatus as claimed in claim 13, 
further comprising a card enclosure housing said 

s apparatus, and means for adapting said electronic 
circuit to communicate with an application external 
to said card enclosure over a bus. 

15. Electronic circuit apparatus as claimed in any pre- 
10 ceding claim and further comprising: 

an electronic circuit application, 

said means for configuring being arranged to 
configure said PLU as an interface to enable 
communication by said electronic circuit over a 
bus; and a second PLU ope rat ively coupled be- 
tween said controlling means and said elec- 
tronic circuit application, and means for config- 
uring said second PLU as a communications in- 
terface between said controlling means and 
said electronic circuit application. 



20 



25 



30 



10. Electronic circuit apparatus as claimed in claim 8 or 
claim 9, wherein said storing means further com- 
prises a solid state memory component. 

11. Electronic circuit apparatus as claimed in claim 8 or <*o 
claim 9, wherein said storing means further com- 
prises said disk drive. 

12. Electronic circuit apparatus as claimed in claim 11 , 
wherein said disk drive stores a plurality of microc- 
ode sets for use in configuring said PLU, each cor- 
responding to a unique bus architecture, and 
wherein said PLU is dynamically configurable to 
any one of said bus architectures. 

50 

13. Electronic circuit apparatus as claimed in any pre- 
ceding claim and further comprising: 

an electronic circuit application; 

55 

said means for configuring being arranged to 
configure said PLU as a communications inter- 
face between said disk drive and said electronic 
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(54) Electronic circuit apparatus employing small disk drive with reconf igurable interface 



(57) An electronic circuit apparatus is provided for 
electronic circuits and devices, comprising a component 
disk drive, a disk controller, and a programmable inter- 
face for dynamically adapting the component drive to 
communicate over a predetermined bus architecture to 
an external application. The interface is programmed by 
the disk controller using one of a library of microcode 
sets stored on the component drive. Alternatively, a mi- 
croprocessor independent of the disk controller pro- 
grams the interface from microcode stored in solid state 
memory. In an alternative embodiment, the apparatus 
further comprises an application circuit and the pro- 
grammable interface adapts the component drive for 
use by the circuit. In another embodiment, the apparatus 
comprises a subcircuit that communicates with an ex- 
ternal application over a predetermined bus architec- 
ture, and the programmable interface adapts the sub- 
circuit for such communication. 
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